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TECHNICAL DATA 


Designer’s Data Sheet MTD3SO55EL 


TMOS IV H 
Power Field Effect Transistor - 


N-Channel Enhancement-Mode Silicon Gate eee Ostet 
LOGIC LEVEL 
This advanced E-FET is a TMOS power MOSFET designed to withstand high energy in t2 Seok ae 
the avalanche and commutation modes. This device is also designed with a low thresh- eco VOLTS 


old voltage so it is fully enhanced with 5 Volts. This new energy efficient device also aa 
offers a drain-to-source diode with a fast recovery time. Designed for low voltage, high 
speed switching applications in power supplies, converters and PWM motor controls, 
these devices are particularly well suited for bridge circuits where diode speed and com- 
mutating safe operating areas are critical and offer additional safety margin against 
unexpected voltage transients. 


@ Low Drive Requirement to Interface Power Loads to 
Logic Level ICs or Microprocessors — VGS(th) = 
Volts Max 

® Internal Source-to-Drain Diode Designed to Replace 
External Zener Transient Suppressor — Absorbs High 
Energy in the Avalanche Mode — Unclamped TMOS 
Inductive Switching (UIS) Energy Capability Specified 


CASE 369A-04 
MTD3055EL 


at 100°C D 
e Commutating Safe Operating Area (CSOA) Specified for “4 
ee Use in Half and Full Bridge Circuits 
e@ Source-to-Drain Diode Recovery Time Comparable to a 
Discrete Fast Recovery Diode 
@ Diode is Characterized for Use in Bridge Circuits G CASE 369-03 
© Ipss, VGs(th) and Vps(on) Specified at 150°C MTD3055EL-1 
e Available With Long Leads, Add -1 Suffix : 
MAXIMUM RATINGS (T, = 25°C unless otherwise noted) | SEAR See 


RECOMMENDED FOR 
SURFACE MOUNTED 
APPLICATIONS 


6.7 
Yee) | 


Symbol 


Drain-Source Voltage 


Drain-Gate Voltage (RGs = 1 MQ) 


Gate-Source Voltage — Continuous 
— Non-repetitive (tp =< 50 us) +20 


Drain Current — Continuous 
— Pulsed 


Total Power Dissipation @ Tc = 25°C 
Derate above 25°C 


=(5) Wo) 1150 


Operating and Storage Temperature Range 
THERMAL CHARACTERISTICS 


Thermal Resistance — Junction to Case Bri2Z °C/W 
— Junction to Ambient 62.5 


Maximum Lead Temperature for Soldering AE 270 xe: 
Purposes, 1/8” from case for 5 seconds 


e i 
(i 


Designer's Data for ‘‘Worst Case” Conditions — The Designer's Data Sheet permits the design of most circuits entirely from the information presented. 
SOA Limit curves — representing boundaries on device characteristics — are given to facilitate ‘worst case’’ design. 
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©MOTOROLA INC., 1988 DS3809 


TMOS is a trademark of Motorola Inc. 


©MOTOROLA INC., 1988 


MOTOROLA 
TECHNICAL DATA 


Designer’s Data Sheet 


TMOS IV 


Power Field Effect Transistor 
N-Channel Enhancement-Mode Silicon Gate 


This advanced E-FET is a TMOS power MOSFET designed to withstand high energy in 
the avalanche and commutation modes. This device is also designed with a low thresh- 
old voltage so it is fully enhanced with 5 Volts. This new energy efficient device also 
offers a drain-to-source diode with a fast recovery time. Designed for low voltage, high 
speed switching applications in power supplies, converters and PWM motor controls, 
these devices are particularly well suited for bridge circuits where diode speed and com- 
mutating safe operating areas are critical and offer additional safety margin against 
unexpected voltage transients. 


@ Low Drive Requirement to Interface Power Loads to 
Logic Level ICs or Microprocessors — VGS(th) = 2 
Volts Max 

@ Internal Source-to-Drain Diode Designed to Replace 

External Zener Transient Suppressor — Absorbs High 
Energy in the Avalanche Mode — Unclamped 
Inductive Switching (UIS) Energy Capability Specified 
at 100°C D 

Commutating Safe Operating Area (CSOA) Specified for 

Use in Half and Full Bridge Circuits 
Source-to-Drain Diode Recovery Time Comparable to a 
Discrete Fast Recovery Diode 
Diode is Characterized for Use in Bridge Circuits G 
IpDss, VGS(th) 24nd VpS(on) Specified at 150°C 


TMOS 


e Available With Long Leads, Add -1 Suffix 
S 
MAXIMUM RATINGS (T, = 25°C unless otherwise noted) 
Rating Value Unit 
Drain-Source Voltage 60 Vde 
aly 
Drain-Gate Voltage (RGs = 1 MQ) 60 Vdc | 
Gate-Source Voltage — Continuous E15 Vdc 
— Non-repetitive (tp < 50 us) +20 Vpk 
Drain Current — Continuous IZ Adc 
— Pulsed 26 
Total Power Dissipation @ Tc = 25°C 40 Watts 
Derate above 25°C 0.32 W/°C 


Operating and Storage Temperature Range 
THERMAL CHARACTERISTICS 


Thermal Resistance — Junction to Case 
— Junction to Ambient 


— 65 to 150 °C 


Maximum Lead Temperature for Soldering 
Purposes, 1/8” from case for 5 seconds 


Order this data sheet 
by MTD3055EL/D 


MTD3055EL 


TMOS POWER MOSFET 
LOGIC LEVEL 
12 AMPERES 
'DS(on) = 0.18 OHM 
60 VOLTS 


CASE 369A-04 
MTD3055EL 


7 


CASE 369-03 
MTD3055EL-1 


MINIMUM PAD SIZES | 

RECOMMENDED FOR 

SURFACE MOUNTED 
APPLICATIONS 


6.7 
- | 


0.265 


Designer's Data for ‘Worst Case” Conditions — The Designer’s Data Sheet permits the design of most circuits entirely from the information presented. 


SOA Limit curves — representing boundaries on device characteristics — are given to facilitate ‘‘worst case”’ design. 
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TMOS is a trademark of Motorola Inc. 


DS3809 


ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


a 


OFF CHARACTERISTICS 


Drain-Source Breakdown Voltage 
(Ves = 0, Ip = 0.25 mA) 


Characteristic 


Zero Gate Voltage Drain Current 
(Vps = 60 V, Vgs = 0) 


ON CHARACTERISTICS* 


Gate Threshold Voltage 
(Vps = Ves, lp = 1 mA) 
Ty = 150°C 


(Vps = 60 V, Ves = 0, Ty = 150°C) 
Gate-Body Leakage Current, Forward (VGsF = 15 Vdc, Vps 


Gate-Body Leakage Current, Reverse (VGspr = 15 Vdc, Vps = 0) 


= 0) 


Static Drain-Source On-Resistance (VGs = = 


VGS(th) 


aM = 
5 Vdc, Ip = 6 Adc) 


Drain-Source On-Voltage (VGs = 5 V) 
(Ip = 12 Adc) 
(Ip = 6 Adc, Ty = 150°C) 


Forward Transconductance (Vps = 15 V, Ip = 6 A) 


'DS(on) 


VDS(on) 


DRAIN-TO-SOURCE AVALANCHE CHARACTERISTICS 


Unclamped Drain-to-Source Avalanche Energy See Figures 13 and 14 WpsR mJ 
(Ip = 26A, Vpp = 6 V, Tc = 25°C, Single Pulse, Non-repetitive) — 18 
(Ip = 12 A, Vpp = 6 V, Te = 25°C, P.W. < 100 us, Duty Cycle < 1%) — 35 
(Ip = 4.8A, Vpp = 6 V, Te = 100°C, P.W. < 100 us, Duty Cycle < 1%) — 16 
DYNAMIC CHARACTERISTICS 
VpSi= 25 Vi Vest 10nf =1 MHz 400 (Typ) 
Input Capacitance Ves = 15 V, Vps = 0, f = 1 MHz Ciss 1000 (Typ) 
See Figure 15 
Vps = 25 V, Ves = 0, f = 1 MHz 30 (Typ) 
Reverse Transfer Capacitance Ves = 15 V, Vps = 0, f = 1 MHz Crss 
See Figure 15 
— ee le 
, Vos = 25V, V6s = 0, f = 1 MHz 
Output Capacitance | Seeranens Coss 175 (Typ) 
SWITCHING CHARACTERISTICS (Tj = 100°C) 
Turn-On Delay Time td(on) 20 (Typ) — ns 
Rise Time (Vpp = 25V, Ip = 6A, tr 95 (Typ) a= 
: VGs = 5 V, Rgen = 50 ohms, t 
Turn-Off Delay Time Rgs = 50 ohms) |__ td(off) 38 (Typ) = 
Fall Time tf 50 (Typ) = | 
Total Gate Charge (Vpcis4s Vs ipeenicrne Qg 11 (Typ) U7 “at nC 
Gate-Source Charge Ves = 5 Vdc) Qgs 4 (Typ) = 


Gate-Drain Charge 


See Figures 16 and 17 


SOURCE DRAIN DIODE CHARACTERISTICS 


= 
Forward On-Voltage 


Forward Turn-On Time 


Reverse Recovery Time 


MOTOROLA 
2 


ll 


12 A, VGS 


II 


(Is 0) 


(Is = 26A, VGs = 0, 
dis/dt = 400 A/us, VR = 30 V) 


ie 


1.04 (Typ) 1.18 Vde 
Limited by stray inductance | 
55 (Typ) — ns 


MTD3055EL 


COMMUTATING SAFE OPERATING AREA (CSOA) 


The Commutating Safe Operating Area (CSOA) of 
Figure 11 defines the limits of safe operati6n for com- 
mutated source-drain current versus re-applied drain 
voltage when the source-drain diode has undergone for- 
ward bias. The curve shows the limitations of IFjqy and 
peak Vps for a given rate of change of source current. It 
is applicable when waveforms similar to those of Figure 
10 are present. Full or half-bridge PWM DC motor con- 
trollers are common applications requiring CSOA data. 

Device stresses increase with increasing rate of change 
of source current so dl,/dt is specified with a maximum 
value. Higher values of dlg/dt require an appropriate der- 
ating of IFjy, peak Vps or both. Ultimately dl,/dt is limited 
primarily by device, package, and circuit impedances. 
Maximum device stress occurs during try as the diode 
goes from conduction to reverse blocking. 

VDS(pk) is the peak drain-to-source voltage that the 
device must sustain during commutation; IFny is the max- 
imum forward source-drain diode current just prior to the 
onset of commutation. 

VR is specified at 80% of ViBR)pss to ensure that the 
CSOA stress is maximized as Is decays from Ip to zero. 

RgGs should be minimized during commutation. Ty has 
only a second order effect on CSOA. 

Stray inductances in Motorola’s test circuit are 
assumed to be practical minimums. dVps/dt in excess of 
10 V/ns was attained with dl,/dt of 400 A/us. 


Figure 11. Commutating Safe Operating Area (CSOA) 


dis/dt < 400 Ajus 


Is, DRAIN CURRENT (AMPS) 


0 ie OjM Me s0;ben 400 p50. 60.) er0as60 
Vpg, SOURCE-TO-DRAIN VOLTAGE (VOLTS) 


Figure 13. Unclamped Inductive Switching Test Circuit 


MOTOROLA 
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Figure 10. Commutating Waveforms 


FM dlgidt 


VDSipk) 


dVpsidt 


Yos VdsL 


>| 


MAX. CSOA 
STRESS AREA 


Figure 12. Commutating Safe Operating Area 
Test Circuit 


= VR = 80% OF RATED Vos 
VdsL = V¢ + Lj - dlg/dt 


Figure 14. Unclamped Inductive Switching Waveforms 
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ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


Characteristic Symbol Min | Max =| Unit | 


Drain-Source Breakdown Voltage 
(Ves = 0, Ip = 0.25 mA) 


OFF CHARACTERISTICS 


Zero Gate Voltage Drain Current 
(Vps = 60 V, Ves = 9) 
(Vps = 60 V, Ves = 0, Ty = 150°C) 


Gate-Body Leakage Current, Forward (VGsf = 15 Vdc, Vps = 0) 


Gate-Body Leakage Current, Reverse (VGsr = 15 Vdc, Vps = 0) 
ON CHARACTERISTICS* 


Gate Threshold Voltage 
(Vps = Ves. |p = 1 mA) 
Ty = 150°C 


Static Drain-Source On-Resistance (VGs = 5 Vdc, Ip = 6 Adc) 


Drain-Source On-Voltage (VGs = 5 V) 
(Ip = 12 Adc) 
(Ip = 6 Ade, Ty = 150°C) 


—— 


Forward Transconductance (Vps = 15 V, Ip = 6 A) 
DRAIN-TO-SOURCE AVALANCHE CHARACTERISTICS 


———— 


Unclamped Drain-to-Source Avalanche Energy See Figures 13 and 14 WpsR mJ 
(Ip = 26A, Vpp = 6 V, Tce = 25°C, Single Pulse, Non-repetitive) — 18 
(Ip = 12 A, Vpp = 6 V, Tc = 25°C, P.W. < 100 us, Duty Cycle = 1%) —_ 35 
(Ip = 4.8A, Vpp = 6 V, Tc = 100°C, P.W. < 100 us, Duty Cycle < 1%) _— 16 

DYNAMIC CHARACTERISTICS 
Vos = 25V,V = 0,f = 1MH 400 (T 
DS = 2 GS z | 400 (Typ) 
Input Capacitance VGs = 15 V, Vps = 0, f = 1 MHz Ciss 1000 (Typ) 
See Figure 15 
~ 
Vps = 25 V, Ves = 0, f = 1 MHz 30 (Typ) 
Reverse Transfer Capacitance VGs = 15 V, Vps = 0, f = 1 MHz Crss 660 (Typ) 
See Figure 15 | 
: Vos = 25 V, Ves = 0, f = 1 MHz 

Output Capacitance See Figures Coss 175 (Typ) 

oe — 


SWITCHING CHARACTERISTICS (Tj = 100°C) 


Turn-On Delay Time 


td(on) 20 (Typ) ia 
95 (Typ) 


Rise Time | (Vpp = 25V, Ip = 6A, 
V = 8 WIR = 50 ohms, 
Turn-Off Delay Time oe Roos een 


Fall Time 


Total Gate Charge (Vps = 48 V, Ip = 12A, 


Gate-Source Charge VGs = 5 Vdc) 
| See Figures 16 and 17 


Gate-Drain Charge 
SOURCE DRAIN DIODE CHARACTERISTICS 


Forward On-Voltage (Ils = 12 A, Vgg = 0) 
| Forward Turn-On Time (ist= 26'A, VGs =.0, 
Reverse Recovery Time dis/dt = 400 A/us, VR = 30 V) 


MOTOROLA MTD3055EL 
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ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 


Characteristic 


| Symbol | Min [Max [Unit] 


OFF CHARACTERISTICS 


Drain-Source Breakdown Voltage 


V(BR)DSS 60 = Vde 
(Vg6s = 0, Ip = 0.25 mA) 
Zero Gate Voltage Drain Current Ipss pA 
(Vps = 60 V, Ves = 0) _ 1 
(Vps = 60 V, Ves = 0, Ty = 150°C) — 50 

Gate-Body Leakage Current, Forward (VGsF = 15 Vdc, Vps = 0) IGSSF _ 100 nAdc 

Gate-Body Leakage Current, Reverse (VGsp = 15 Vdc, Vps = 0) IGSSR _ | 100 nAdc 
ON CHARACTERISTICS* 

Gate Threshold Voltage Vesith) | | Vde 

(Vps = Ves. Ip = 1 mA) 1 2 
Ty = 150°C 0.6 1.6 
+ ——__——} 

Static Drain-Source On-Resistance (Vgg = 5 Vdc, Ip = 6 Adc) 'DS(on) = 0.18 Ohm 
| Drain-Source On-Voltage (Vgs = 5 V) Vps(on) Vac | 
| (Ip = 12 Adc) — 2.4 

(Ip = 6 Adc, Ty = 150°C) =— 1.95 
———_—_—_—— — —_+— 
| Forward Transconductance (Vps = 15 V, Ip = 6 A) QFS 5 _— mhos 
DRAIN-TO-SOURCE AVALANCHE CHARACTERISTICS 
) Unclamped Drain-to-Source Avalanche Energy See Figures 13 and 14 WpsrR mJ 
(Ip = 26 A, Vpp = 6 V, Tc = 25°C, Single Pulse, Non-repetitive) = 18 
(Ip = 12 A, Vpp = 6 V, Tc = 25°C, P.W. < 100 ys, Duty Cycle < 1%) — 35 
(Ip = 4.8 A, Vpp = 6 V, Tc = 100°C, P.W. < 100 us, Duty Cycle < 1%) ip _ 16 
DYNAMIC CHARACTERISTICS 
Vps = 25 V, Ves = 0, f = 1 MHz 400 (Typ) = 
. — = 
Input Capacitance Vgs = 15 V, Vps = 0, f = 1 MHz Ciss 1000 (Typ) = pF 
See Figure 15 
te a =a ERS 
Vps = 25 V, Ves = 0, f = 1 MHz 30 (Typ) = 
. = 

Reverse Transfer Capacitance Vgs = 15 V, Vps = 0, f = 1 MHz Crss 660 (Typ) 7 pF 
See Figure 15 
== - 4 

: Vos = 25 V, Ves = 0, f = 1 MHz a 
Output Capacitance Sco igie 15 Coss 175 (Typ) pF 


SWITCHING CHARACTERISTICS (T; = 100°C) 


Turn-On Delay Time 


(Vpp = 25 V, Ip = 6A, 


Rise Time 
} Ves = 5 V, Rgen = 50 ohms, 


20 (Typ) 


95 (Typ) 


MOTOROLA 
Zz 


Turn-Off Delay Time — Rgs = 50 ohms) td(off) 38 (Typ) = 
Fall Time tf 50 (Typ) a 
Total Gate Charge (Vps = 48V, Ip = 12A, Qg 11 (Typ) 17 nc 
| Gate-Source Charge V6s = 5 Vdc) Qgs 4 (Typ) _ 
Gate-Drain Charge ee Reig Let a Qgd 7 (Typ) _ 
SOURCE DRAIN DIODE CHARACTERISTICS 
Forward On-Voltage (Ig = 12 A, V@g = 0) Vsp 1.04 (Typ) 1.18 Vde 
Forward Turn-On Time | (Ig = 26 A, Ves = 0, ton Limited by stray inductance 
Reverse Recovery Time dis/dt = 400 A/us, VR = 30 V) fie 55 (Typ) — ns 


MTD3055EL 


Oo 
Oo 


TYPICAL ELECTRICAL CHARACTERISTICS 


Figure 1. On-Region Characteristics 


Ip, DRAIN CURRENT (AMPS) 


Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 


Figure 3. Transfer Characteristics 


Ip, DRAIN CURRENT (AMPS 


0 2 3 4 5 6 
Vas, GATE-TO-SOURCE VOLTAGE (VOLTS) 


Figure 5. On-Resistance versus Gate-to-Source Voltage 


0.25 


S) 
NR 


So 
es 
oa 


f—) 


So 
S 
a 


TDS(on), DRAIN-TO-SOURCE RESISTANCE (OHMS 


3 6 9 12 15 
Vgs, GATE-TO-SOURCE VOLTAGE (VOLTS) 


MTD3055EL 


DS(on}, ON-RESISTANCE (OHMS) 


"DS(on), ORAIN-TO-SOURCE RESISTANCE (OHMS) 


VgSi(th), GATE THRESHOLD VOLTAGE (NORMALIZED) 


Figure 2. Gate-Threshold Voltage Variation 
With Temperature 


125 ~—- 150 
Ty, JUNCTION TEMPERATURE (°C) 


Figure 4. On-Resistance versus Drain Current 


So 
NR 
a 


0.05 


Ip, DRAIN CURRENT (AMPS) 


Figure 6. On-Resistance Variation With Temperature 


= eae 0 25 50 75 100 125-150 
Tj, JUNCTION TEMPERATURE (°C) 
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Figure 7. Breakdown Voltage Variation 
With Temperature 


Vpr(DSs), DRAIN-TO-SOURCE VOLTAGE (NORMALIZED) 


Ty, JUNCTION TEMPERATURE (°C) 


FORWARD BIASED SAFE OPERATING AREA 


The FBSOA curves define the maximum drain-to- 
source voltage and drain current that a device can safely 
handle when it is forward biased, or when it is on, or 
being turned on. Because these curves include the limi- 
tations of simultaneous high voltage and high current, 
up to the rating of the device, they are especially useful 
to designers of linear systems. The curves are based on 
a case temperature of 25°C and a maximum junction tem- 
perature of 150°C. Limitations for repetitive pulses at var- 
ious case temperatures can be determined by using the 
thermal response curves. Motorola Application Note, 
AN569, ‘Transient Thermal Resistance-General Data and 
Its Use” provides detailed instructions. 


Figure 8. Maximum Rated Forward Biased 
Safe Operating Area 


= 
= =a 
SINGLE PULSE 


Ip, DRAIN CURRENT (AMPS) 


'DS(on) LIMIT 
——— — —— PACKAGE LIMIT 


Vps, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 


The switching safe operating area fundamental limits 
are the peak current, Ipjy and the breakdown voltage, 
V(BR)DSS- This is applicable for both turn-on and turn- 
off of the devices for switching times less than one 
microsecond. 

The power averaged over a complete switching cycle 
must be less than: 


TJ(max) =ali¢g 
R@JC 


Figure 9. Thermal Response 


H Raycit) = rit) Rac 


Rajcit) = 3.12°C/W Max 


D Curves Apply for Power 


Pulse Train Shown 


T] Read Time at ty 
Ty(pk) — Te = P(pk) Rauclt) 


r(t), EFFECTIVE TRANSIENT THERMAL 
RESISTANCE (NORMALIZED) 


0.02 0.03 0.05 


DUTY CYCLE, D = ty/t2 


20 30 8650 100 200 300 500 1000 


t, TIME (ms) 


Motorola reserves the right to make changes without further notice to any products herein to improve reliability, function or design. Motorola does 
not assume any liability arising out of the application or use of any product or circuit described herein: neither does it convey any license under its 
patent rights nor the rights of others. Motorola and (A) are registered trademarks of Motorola, Inc. Motorola, Inc. is an Equal Employment Opportunity/ 
Affirmative Action Employer 
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Figure 15. Capacitance Variation Figure 16. Gate Charge versus Gate-to-Source Voltage 
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1200 
960 = 
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Vgg «+> Vps Qg, TOTAL GATE CHARGE (nC) 
GATE-TO-SOURCE OR DRAIN-TO-SOURCE VOLTAGE (VOLTS) 


Figure 17. Gate Charge Test Circuit 


+18V VoD 


polio 


DEVICE TYPE 
AS DUT 


FERRITE 
100 «BEAD 


Vin = 15 Vpk; PULSE WIDTH < 100 ys, DUTY CYCLE < 10% 


OUTLINE DIMENSIONS ~ 


STYLE 2 
PIN 1. GATE 
2. DRAIN STYLE 2: 
3, SOURCE PIN 1, GATE 
4 DRAIN 2. DRAIN 
T 3, SOURCE 


4. DRAIN 


| MILLIMETERS INCHES 
| MIN. | MAX 
0.235 | 0.245 
0.250 | 0.265 
0.086 | 0.094 MILLIMETERS | INCHES 
0.027 | 0,035 MIN. | MAX | MIN | MAX 
0.038 | 0.042 1. SURFACE “T” IS BOTH A DATUM AND A 597 | 622 | 0.235 | 0.245 | 
0.025 | 0.035 MOUNTING SURFACE 6.35 | 673 | 0.250 | 0.265 
0.180 BSC 2. DIMENSIONING AND TOLERANCING PER ANSI 2.19 | 238 | 0.086 | 0.094 
0,090 BSC Y14.5M, 1982 0.64 | 0.88 | 0.025 | 0.035 
0.018 | 0.023 3. CONTROLLING DIMENSION: INCH 0.97 | 1.06 | 0.038 | 0.042 
0.102 | 0.114 2.29 BSC 0.090 BSC 
0.035 | 0.050 0.46 | 0.58 | 0.018 | 0.023 
0.205 | 0.216 8.89 | 9.65 | 0.350 | 0.380 
0.020 | — ogo | 1.27 | 0.035 | 0.050 
5.21 | 5.46 | 0.205 | 0.215 
0.77_| 1.14 | 0.030 | 0.045 
0.84 | 094 | 0.033 | 0.037 
191 | 228 | 0.075 | 0.090 


4 
= 


NOTES 
1. SURFACE "TIS BOTH A DATUM AND A SEATING 
PLANE 
2. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982 
3. CONTROLLING DIMENSION: INCH 


4 
= 


0.030 | 0.045 


0.033 | 0.037 CASE 369-03 
0.170 | MTD3055EL-1 


0.145 = 


CASE 369A-04 
MTD3055EL 


N[</Sl<l[Clm\[— [xl |r lOl|n|\m\|o|o|w|> 


<|S\<|H\-|zK\C\O|m|o|o|w|> 


Literature Distribution Centers: 


USA: Motorola Literature Distribution; P.O. Box 20912; Phoenix, Arizona 85036. 
EUROPE: Motorola Ltd.; European Literature Center; 88 Tanners Drive, Blakelands Milton Keynes, MK145BP, England. 
ASIA PACIFIC: Motorola Semiconductors H.K. Ltd.; P.O. Box 80300; Cheung Sha Wan Post Office; Kowloon Hong Kong. 


Sal (AA) MOTOROLA 


MTD3055EL 


22757-1 PRINTED IN USA 1-89 IMPERIAL LITHO (62040 5,000 


<= 
ra 


= COMMUNICATIONS 


AY-3-1015D 


UAR/T: Universal Asynchronous Receiver/Transmitter 


FEATURES 


® DTL and TTL compatible—no interfacing circuits required— 
drives one TTL load 

s Fully Double Buffered—eliminates need for system 
synchronization, facilitates high-speed operation 

w Full Duplex Operation—can handle multiple bauds 
(receiving-transmitting) simultaneously 

s Start Bit Verification—decreases error rate with center 
sampling 

w Receiver center sampling of serial input; 46% distortion 
immunity 

a High Speed Operation 

ws Three-State Outputs—bus structure capability 

= Low Power— minimum power requirements 

a Input Protected—eliminates handling prooviems 


AY-3-1015D 

® Single Supply Operation: 

+4.75V to +6.25V 

1% stop bit mode 

External reset of all registers except control bits register 
N-channel lon Implant Process 

0 to 25K baud 

Pull-up resistors to Voc on all inputs 


DESCRIPTION 


The Universal Asynchronous Receiver/Transmitter (UAR/T) is an 
LSI subsystem which accepts binary characters from either a 
terminal device or a computer and receives/transmits this 
character with appended control and error detecting bits. All 
characters contain a start bit, 5 to 8 data bits, 1, 1%, or 2 stop bit 
capability, and either odd/even parity or no parity. In order to 
make the UAR/T universal, the baud, bits per word, parity mode, 
and the number of stop bits are externally selectable. The device 
is constructed onasingle monolithic chip. Allinputs and outputs 
are directly compatible with MTOS/MTNS logic, and also with 
TTL/DTL/CMOS logic without the need for interfacing compo- 
nents. All strobed outputs are three-state logic. 


PIN CONFIGURATION 
40 LEAD DUAL IN LINE 


Top View 


Vec (+5V) 
N.C. 

GNO 
ADE 

RD8 
RO7 
RD6 
ROS 
RO4 
ROG 
RD2 
RO1 
PE 
FE 
OR 
SWE 
RCP 
RDAV 
DAV 
SI 


BLOCK DIAGRAM 


TRANSMITTER 
OaTa BITS 


PARITY SELECT 


STOP BITS 
5 O00/ EVEN 


© DATA STROBE 


a SERIAL 
ouTPuT 


TRANSMITTER | —ND OF 
- CHARACTER 


CONTROL 
STROBE ° 


EXTERNAL 
RECEIVER RESET 


thee 


Ewpty® 


RECEIVER 
oaTa BITS 


PARITY ERRORO 
TRANSMITTER 
AVAILABLE 


BUFFER 


we 


PIN FUNCTIONS 


Pin No. Name (Symbol) 


& wn — 


13 


14 


15 


16 


17 


18 


19 


20 


21 


22 


23 


24 


36 


37-38 


39 


40 


Vcc Power Supply (Vcc) 


N.C. 
Ground 


Received DataEnable (RDE) 


Received Data Bits (RD8-RD1) 


Parity Error (PE) 


Over-Run (OR) 


Status Word Enable (SWE) 
Receiver Clock (RCP) 
Reset Data Available (RDAV) 


DataAvailable (DAV) 

Serial Input (Sl) 

External Reset (XR) 

Transmitter Buffer Empty (TBMT) 
Data Strobe (DS) 


Endof Character (EOC) 


Serial Output (SO) 


Data Bitinputs (0B1-DB8) 
Control Strobe (CS) 


No Parity (NP) 


Number of Stop Bits (TSB) 


Number of Bits/Character (NB2,NB1) 


Odd/Even Parity Select (EPS) 


Transmitter Clock (TCP) 
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Function 


+5V Supply 


(Not connected) 
Ground 


A logic “0” on the receiver enable line places the received data 
onto the output lines. 

These are the 8 data output lines. Received characters are right 
justified: the LSB always appears on RD1. These lines have tri- 
state outputs; i.e., they have the normal TTL ouput characteris- 
tics when RDE is “O” and a high impedance state when RDE is 
“1". Thus, the data output lines can be bus structure oriented. 
This line goes to a logic “1” if the received character parity does 
not agree with the selected parity. Tri-state. 

This line goes to a logic 1" if the received character has no valid 
stop bit. Tri-state. 


This line goes to alogic “1” if the previously received character is 
not read (DAV line not reset) before the present character is 
transferred to the receiver holding register. Tri-state. 


A logic “0” on this line places the status word bits (PE, FE, OR, 
DAV, TBMT) onto the output lines. Tri-state. 


This line will contain a clock whose frequency is 16 times (16X) 
the desired receiver baud. 


A logic “0” will reset the DAV line. The DAV F/F is only thing 
that is reset. 

This line goes to a logic “1” when an entire character has 
been received and transferred to the receiver holding regis- 
ter. Tri-state. Fig. 8. 

This line accepts the serial bit input stream. A Marking (logic 
“4”) to spacing (logic “0”) transition is required for initiation 
of data reception. Fig. 7, 8. 

Resets all registers. Sets SO, EOC, and TBMT toa logic “1”. 
Resets DAV, and error flags to “0”. Clears input data buffer. 
Must be tied to logic “O” when not in use. 

The transmitter buffer empty flag goes to a logic “1” when 
the data bits holding register may be loaded with another 
character. Tri-state. See Fig. 14, 16. 


A strobe on this line will enter the data bits into the data bits 
holding register. Initial data transmission is initiated by the rising 
edge of DS. Data must be stable during entire strobe. 


This line goes to a logic “1” each time a full character is 

transmitted. It remains at this level until the start of transmis- 

sion of the next character. See Fig. 13, 15. 

This line will serially, by bit, provide the entire transmitted 

character. It will remain at a logic “1” when no data is being 

transmitted. 

There are up to 8 data bit input lines available. 

A logic 1" on this lead will enter the control bits (EPS, NB1, NB2, 
TSB, NP) into the control bits holding register. This line can be 
strobed or nard wired to alogic"'1" levei. 

A logic “1” on this lead will eliminate the parity bit from the 
transmitted and received character (no PE indication). The stop 
bit(s) will immediately follow the last data bit. If not used, this lead 
must be tied to alogic “0”. 

This lead will select the number of stop bits, 1 or 2, to be 

appended immediately after the parity bit. A logic “O” will 

insert 1 stop bit and a logic “1” will insert 2 stop bits. The 

combined selection of 2 stop bits and 5 bits/character will 

produce 1% stop bits. 


These two leads will be internally decoded to select either 5, 6, 7 
or 8 data bits/character. 
NB2 NB1 Bits/Character 


0 0 5 
0 1 6 
1 0 7 
1 1 8 


The logic level on this pin selects the type of parity which will be 
appended immediately after the data bits. It also determines the 
parity that will be checked by the receiver. A logic “O” will insert 
odd parity and a logic “1” will insert even parity. 

This line will contain a clock whose frequency is 16 times (16X) 
the desired transmitter baud 


7-5 


7) 
= 
= 
= 
<c.- 
=> 
o> 
= 
= 
Os 
oO 


4 Q 
‘x 
—_ 
*\ 
‘ 
j 
e. 
a 
: 
q- 
, c 
" 
f i 7 


*) lew 


ae 


Wt 1a (angel ign 


,* 


A 


oe as amg 


Yh Der Bei eu 


Ar rt 


Lutey Voreo fa 
SMG? aL tery 


‘ea yt Li 


,. 


‘ 
Anne. 


VU # Dein ow er eel 
Seder lr ww Mahe eat 


. 
A Np tee 


tele 


on 


eee a) > at rem 


—eae eee 
) Wlcers EAR) bea 


— 


(lodewe) enna 


ems i Eien 


oe oe 


TU seWwoF 
Aa 


tracy 


“TR-029) 2S ek! Devine 


12% 


tiny i. - seta RAE > eA 
. ] 


. 


: 
4 i at 

> ; 
4 

yt * 
‘ oF 

+ ar 

+ 


Baye tl ga 
‘ id teri) 
ttt whew abd 


HG raaa2 bya 


x 
f 


4 
i 


: 


Ze) 
= 
=] 
= 
4 
=, 
pam e ff 
= 
= 
oO 


InsTRUMENT 


ELECTRICAL CHARACTERISTICS 


Maximum Ratings” 

Voc (with Respect to GND) 
Storage Temperature 
Operating Temperature ..... 2. cece ccece Merslarsrecas 
Lead Temperature (Soldering, 10 sec) 


AY-3-1015D 


eee eee er eee reese eesees 


Standard Condition (unless otherwise noted): 


Voc = +4.75V to +5.25V 
Operating Temperature (T,) = 0°C to +70°C 


DC CHARACTERISTICS 
Characteristic 


Input Logic Levels (AY-3-1015) 
Logic 0 

Logic 1 

Input Capacitance 

All inputs 

Output Impedance 
Tri-State Outputs 
Data Output Leveis 
Logic 0 

Logic 1 

Output Capacitance 
Short Ckt. Current 
Power Supply Current 
loc at Voc =+5V 


Standard Conditions (unless otherwise noted) 
T, = 25°C, Output load capacitance 50pF max. 
AC CHARACTERISTICS 


Characteristic 


Clock Frequency 
Baud 

Pulse Width 

Clock Pulse 

Control Strobe 

Data Strobe 

External Reset 

Status Word Enable 
Reset Data Available 
Received Data Enable 
Set Up & Hold Time 
Input Data Bits 

Input Control Bits 
Output Propagation Delay 
TPDO 

TPD1 


** Typical values are at +70°C and nominal voltages. 
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i? Exceeding these ratings could cause permanent dam- 
age to the device. This is a stress rating only and func- 
tional operation of this device at these conditions is not 
implied—operating ranges are specified in Standard 
Conditions. Exposure to absolute maximum rating con- 
ditions for extended periods may affect device reliability. 
Data labeled “typical” is presented for design guidance 
only and is not guaranteed. 


Conditions 


Has internal pull-up resistors to Voc. 


0 volts bias, f = 1MHz 


lo. = 1.6mA (sink) 
lou = —40uA (source)—at Veg = +5V 


See Fig. 19 


See Fig. 21 


Conditions 


at Vog = +4.75V 
at Vog = +4.75V 


See Fig. 5 

See Fig. 11 
See Fig. 10 
See Fig. 9 

See Fig. 17 
See Fig. 18 
See Fig. 17 


See Fig. 17 & 20 
See Fig. 17 & 20 
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TIMING DIAGRAMS ; 


i . eens --- 


note 1++— +1 Bit TIME 


AY-3-1015D 


(H) Fata 1ToATA 2/0ATA 31OATA AIOATA S]OATA 6\OATA 7[OATA SjPaniTY/STOR! stor 2| ( peateien 
START | OATA 1 1DATA 21 0ATA 3) 0ATA pone S1O0ATA 61 DATA CATS BIPARITYISTOP 1 STOP 2] START |DATA 
4 os ee she 4 seme 


Eoc | 


NOTE: SEE FIGURES 2, 3. 4 FOR DETAILS. 


TRANSMITTER INITIALLY ASSUMED INACTIVE 
AT START OF DIAGRAM. SHOWN FOR 8 
LEVEL CODE AND PARITY AND TWO STOPS. 


(; BIT TIME »= 16 CLOCK CYCLES. 


2: IF TRANSMITTER 1S INACTIVE THE START 
PULSE WILL APPEAR ON LINE 1 TO 2 
CLOCK CYCLES AFTER THE DATA STROBE 
OCCURS. SEE DETAIL. 

3: SINCE TRANSMITTER IS DOUBLE BUFFERED 
ANOTHER DATA STROBE CAN OCCUR ANY- 
WHERE DURING TRANSMISSION OF 
CHARACTER | AFTER TBMT GOES HIGH. 


OETAIL: 


OATA 
STROBE | 
CLOCK | | | | | f 


so | start 


Fig. 1 UAR/T — TRANSMITTER TIMING 


TRANSMITTER INACTIVE 
TRANSMIT BUFFER LOADED WHEN EOC HIGH 


paaa en | 
so START BIT | 
Se a 
| 


Fig. 2 TRANSMITTER AT START BIT 
NOT A TEST POINT 


TRANSMITTER ACTIVE 
TRANSMIT BUFFER LOADED WHEN EOC LOW 


Fig. 3 TRANSMITTER AT START BIT 


MAXIMUM 
Sret (ae Aloe e a alan Ginc a m ea DUTY CYCLE * ei 
so ‘at it 2431415161718! P stoPIistoP2! 
: poe e Be NL eed a ea ' ' 
os Ds MINIMUM ** 
BS | Sea DS AND CS MAY OCCUR puTY CYCLE ae ius MIN 
| SIMULTANEOUSLY WHEN 
TRANSMITTER INACTIVE 
DA | 
50 % 
DUTY CYCLE 


ILLEGAL TO USE CS 


NOTE: CONTROL STROBE MAY BE HARDWIRED TO "I" 
IN THAT CASE, CONTROL DATA BITS MUST BE STABLE DURING 


"ILLEGAL CS" TIME. 


Fig. 4. ALLOWABLE POINTS TO USE CONTROL STROBE 


ANY PULSE WIOTH WHICH MEETS 
ABOVE CRITERIA IS ALLOWABLE. 


‘ 


Fig. 5 ALLOWABLE TCP, RCP 
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COMMUNICATIONS 


aye START DATA! DATA 2 DATA 3 DATA4 DATAS DATA 6 DATAT DATAG PARITY STOP! STOP 2 START CATA! 

1 ’ tmabeectice Nes eaters Tell Nel oS Med Mette: fennel ol otitis Meeletied alleen ewse 
SI ‘ese of ' ' ' ' ' mse! ' ' 

“0: SS appl emgage my oe ree ny ere eee SEP Spam esate ay Gee) osen 


INTERNAL | | | | | | | | | | | | 
SAMPLES 


PARITY NOTE i= 
ERROR 
FRAMING NOTE | —=— 
ERROR i Re oe EY rnd MOTEL 
IF | CLOCK 
DATA 
AVAILABLE NOTERE 


OVER RUN E NOTE i— 


NOTES: 
1. THIS IS THE TIME WHEN THE ERROR CON- 
DITIONS ARE INDICATED, IF ERROR OCCURS. 


2. DATA AVAILABLE IS SET ONLY WHEN THE 
RECEIVED DATA, PE, FE, OR HAS BEEN 
TRANSFERRED TO THE HOLDING REGISTERS. 
(SEE RECEIVER BLOCK DIAGRAN). 


3. ALL INFORMATION tS GOOD IN HOLDING 
REGISTER UNTIL DATA AVAILABLE TRIES TO 
SET FOR NEXT CHARACTER. 


4. ABOVE SHOWN FOR B LEVEL CODE 
PARITY AND TWO STOP. FOR NO PARITY, 
STOP BITS FOLLOW DATA. 


5. FOR ALL LEVEL CODE THE DATA IN THE 
HOLDING REGISTER JS RIGHT JUSTIFIED; 
THAT 1S, LSB ALWAYS APPEARS IN 
ROI (PIN 12). 


Fig.6 UAR/T — RECEIVER TIMING 


TRUE RCVR CENTER SAMPLING 
| 2 3 4 5 6 ig 8 


cae | 


1 
st Ea 8 Locks. —___- 
1 


INTERNAL 
! SAMPLE 

$1 1 -}———_ 7 crocxs —____- 

Pi { 
RDI-ROB 

IF 1>0 TRANSITION OF 
—-1 start BIT OCCURS HERE, FETE OR 
THEN 

SAMPLE POINT WILL BE HERE >| DAV ON 
INTERNAL SAMPLE eA DAV OFF 


Fig. 7 


MIN. 


WHEN NOT IN USE, XR 
MUST BE HELD AT GND. 


XR RESETS EVERY REGISTER 200n8 
EXCEPT THE CONTROL REGISTER. 20ns MIN, MIN 
SO, TBMT, EOC ARE RESET TO 

5V ALL OTHER OUTPUTS 

RESET TO OV. Fig. 10 DS 


Fig.9 XR PULSE 


CONTROL STROBE AND CONTROL BITS 
MUST BE 500ns MINIMUM. 


DAV AND STOP BIT ONE 


FIRST STOP BIT 


s Te 
NP, TSB, NB2,!, EPS 
200ns 


MIN. 


20n8 MIN. 


CONTROL BITS MUST BE STABLE 
FOR LAST 200ns OF CS. 


Fig. 11a CS 


LEADING EDGE OF CONTROL DATA IS NOT 
CRITICAL AS LONG AS TRAILING EDGE AND 
PULSE WIDTH SPECS ARE OBSERVED. 


* 
20ns MIN, 


Fig. 11b 


Fig. 12 
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TIMING DIAGRAMS 


| 
Vn —---#--—— TcP 
| 
| 
| 
uae 
EOC ie ales seas 


Sys Ips 2us be 
; TYP. TYP. 


TYP. 


COMMUNICATIONS 


Fig. 13 EOC TURN-ON Fig. 14 TBMT TURN-OFF Fig. 15 EOC TURN-OFF 


ROE, Swe 


TRI-STATE 
OUTPUTS 


ROI-ROS 
PE, FE, OR, 
DA, TBMT scree ats 


500 ns 
MAX, VOL i MAX, 


Fig. 16 TBMT TURN-ON Fig. 17 RDE, SWE Fig. 18 RDAV 


TYPICAL CHARACTERISTIC CURVES 


21 


SHORT CIRCUIT 


by OUTPUT CURRENT | 


Es 
Fa — 

15 

[eA NOMINAL 


WORST CASE 


200 300 400 500 
Vout Cour PF 


Fig. 19 SHORT CIRCUIT OUTPUT CURRENT Fig. 20 RD1-RD8, PE, FE, OR, TBMT, DAV 
(only 1 output may be 
shorted at a time) 


+5 VOLT SUPPLY CURRENT 


WORST CASE 


VE 


NOMINAL 


CASE TEMPERATURE (°C) 


Fig. 21 +5 VOLT SUPPLY CURRENT 
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GENERAL INFORMATION 


UAR/T: Universal Asynchronous Receiver/Transmitter 


TRANSMITTER OPERATION 


1. TURN POWER ON 
2. PULSE EXTERNAL RESET 
3.SELECT BAUD - 16 xX CLK 


TemTs) 
€ocs! 
SO*1! (STOP BIT) 


SET CONTROL BITS- PULSE CS 
SET DATA BITS 


PULSEO 
? 


TBMT*0 
Is 
TRANSMITTER 
SHIFT REGISTER 
¢ 


1, LOAD TRANSMITTER SHIFT REGISTER 
2.$0*0 (START BIT) 
3.€0C #0 


HAS 
1 BIT TIME 
ELAPSED 7 
(16-16 X CLK) 


SHIFT 1 BIT RIGHT IN 
TRANSMITTER SHIFT REGISTER 


TRANSMIT START BIT, DATA 
BITS, SELECTED PARITY MODE, 
AND STOP BIT(S) 


HAS 
THE LAST 
STOP BIT BEEN ON THE 


LINE FOR 1 BIT 
TIME 2 


Yes 


Initializing 


Power is applied, external reset is enabled and clock pulse is 
applied having a frequency of 16 times the desired baud. The 
above conditions will set TBMT, EOC, and SO to logic “1” (line is 
marking). 

After initializing is completed, user may set control bits and data 
bits with control bits selection normally occurring before data 
bits selection. However, one may set both DS and CS simul- 
taneously if minimum pulse width specifications are followed. 
Once Data Strobe (DS) is pulsed the TBMT signal will change 
froma logic “1” to alogic “0” indicating that the data bits holding 
register is filled with a previous character and is unable to receive 
new data bits, and transmitter shift register is transmitting pre- 
viously loaded data. TBMT will return to a logic “1”. When 
transmitter shift register is empty, data bits in the holding register 
are immediately loaded into the transmitter shift register for 
transmission. The shifting of information from the holding regis- 
ter to the transmitter shift register will be followed by SO and 
EOC going to a logic “0”, and TBMT will also go to a logic al 
indicating that the shifting operation is completed and that the 
data bits holding register is ready to accept new data. It should be 
remembered that one full character time is now available for 
loading of the next character without loss in transmission speed 
due to double buffering (separate data bits holding register and 
transmitter shift register). 

Data transmission is initiated with transmission ofa start bit, data 
bits, parity bit (if desired) and stop bit(s). When the last stop bit 
has been on line for one bit time, EOC will go to a logic “1” 
indicating that new character is ready for transmission. This new 
character will be transmitted only if TBMT is a logic “0” as was 
previously discussed. 
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RECEIVER OPERATION 


1 TURN POWER ON 

2 PULSE EXTERNAL RESET 
3. SELECT BAUD - 16 xX CLK 
4 SET CONTROL BITS 


HAS 
THE LINE 
TRANSITIONED 


FROM MARKING TO 
SPACING 
? 


Has 
A START BIT 
BEEN VERIFIED ? 
8-16 xX CLK 


LOAD START BIT INTO 
RECEIVER SHIFT REGISTER 


HAS 
1 BIT TIME 


ELAPSEO ? 
16-16 X CLK 


Yes 


SHIFT AND LOAD DATA BIT 
INTO RECEIVER SHIFT REGISTER 


HAS THE 
SELECTED NUMBER 
OF OATA BITS BEEN 
RECEIVED 
? 


Yes 


HAS 
(BIT TIME 
ELAPSED 
? 


YES 


HA 


s 
SET PARITY ERROR | NO DAR ee eae YES || SET PARIFY ERROR 
REGISTER TO | RECEIVED REGISTER TO O 
? 
HAS 
1 BIT TIME 


ELAPSED 
? 


HAS 


SET FRAMING ERROR | NO 


A sToP BIT YES | SeT FRAMING ERROR 
REGISTER TO | BEEN RECEIVED REGISTER TO O 
? 
SET OVER RUN NO ves SET OVER RUN 
REGISTER TO | is oo REGISTER TO 0 
. 


TRANSFER OATA BITS FROM 
SHIFT REGISTER TO DATA 
BITS HOLDING REGISTER 


EXAMINE OUTPUTS 


|. STROBE STATUS WORD ENABLE 
2. STROBE DATA ENABLE 


RESET DATA AVAILABLE DAV:0 
Fig. 24 


UAR/T GENERAL INFORMATION 


Initializing 


Power is applied, external reset is enabled, and clock pulse is 
applied having a frequency of 16 times the desired baud. The 
previous conditions will set data available (DAV) to a logic “1”. 


After initializing is completed, user should note that one set of 
control bits will be used for both receiver and transmitter making 
individual control bit setting unnecessary. Data reception starts 
when serial input signal changes from Marking (logic “1”) to 
spacing (logic “0") which initiates start bit. The start bit is valid if, 
after transition from logic “1” to logic “0”, the SI line continues to 
be at logic “0”, when center safnpled, 8 clock pulses later. If, 
however, line is at a logic “1” when center sampling occurs, the 
start bit verification process will be reset. If the Serial Input line 
transitions from a logic “1” to a logic “0” (marking to spacing) 
when the 16x clock is in a logic “1” state, the bit time, for center 
sampling will begin when the clock line transitions from a logic 
“1” to alogic0" state. After verification of a genuine start bit, data 
bit reception, parity bit reception and stop bit(s), reception 
proceeds in an orderly manner. 

While receiving parity and stop bit(s) the receiver will compare 
transmitted parity and stop bit(s) with control data bits (parity 
and number of stop bits) previously set and indicate an error by 
changing the parity error flip flop and/or the framing error flip 
flop to a logic “1”. It should be noted that if the No Parity Mode is 
selected the PE (parity error) will be unconditionally set toa logic 
HO 

Once a full character is received, internal logic looks at the data 
available (DAV) signal to determine if data has been the read out. 
If the DAV signal is at alogic “1” the receiver will assume data has 
not been read out and the over run flip flop of the status word 
hoiding register will be set toa logic “1”. If the DAV signal is ata 
logic “O” the receiver will assume that data has been read out. 
After DAV goes to a logic “1”, the receiver shift register is now 
ready to accept the next character and has one full character time 
to remove the received character. 
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Fig. 25 TRANSMITTER BLOCK DIAGRAM 
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